In this study, three strains belonging to the genus Mesorhizobium, CSLC115N
T and M. tarimense LMG 24338
T showed means of 44, 41 and 42 % DNA-DNA relatedness, respectively, with respect to strain CSLC115N
T . The major fatty acids were those from summed feature 8 (C 18 : 1 !7c/C 18 : 1 !6c), C 16 : 0 and C 18 : 1 !7c 11-methyl. The results of phenotypic characterization support that the L. corniculatus nodulating strains analysed in this work belong to a novel species of the genus Mesorhizobium for which the name Mesorhizobium helmanticense sp. nov. is proposed, and the type strain is CSLC115N
T (= LMG 29734 T =CECT 9168 T ).
The genus Mesorhizobium comprisses Gram-stain negative, non-sporulating and motile rods. They are aerobic and chemo-organotrophic and produce acid in media containing mannitol as a carbon source. The generation times in this medium are intermediate between those of members of the genera Rhizobium and Bradyrhizobium, ranging from 4 to 15 h, and some species can induce legume nodules where nitrogen fixation is carried out [1] . The genus Mesorhizobium currently contains more than 30 species (http://www.bacterio. net/mesorhizobium.html), some of them isolated from nodules of Lotus corniculatus including the type species of this genus, Mesorhizobium loti [2, 3] . In a recent study we showed that three strains nodulating this legume in northern Spain belong to a group of species of the genus Mesorhizobium whose 16S rRNA genes show identities near or equal to 100 % but whose housekeeping genes are phylogenetically divergent from those of all currently described species of the genus Mesorhizobium [4] . This is a common finding in this genus, which contains several species with identical 16S rRNA gene sequences and divergent housekeeping genes, such as Mesorhizobium sophorae and Mesorhizobium waitakense [5] , Mesorhizobium metallidurans [6] and Mesorhizobium gobiense [7] or Mesorhizobium acaciae [8] and Mesorhizobium plurifarium [9] . Therefore, as for other rhizobial genera such as Bradyrhizobium and Rhizobium, the description of novel species of the genus Mesorhizobium is currently based on the results of housekeeping gene analysis, which also allowed the selection of related species for DNA-DNA hybridization experiments [3, 10] .
The objective of the present work was to perform a polyphasic characterization of the three strains nodulating L. corniculatus in northern Spain in order to clarify their taxonomic position. The results obtained allow the proposal of a novel species named Mesorhizobium helmanticense sp. nov.
Strains CSLC115N
T , CSLC19N and CSLC37N were isolated from effective nodules of L. corniculatus plants growing in a soil located at Carbajosa de la Sagrada (Salamanca, Spain) in a previous study and showed different random amplification of polymorphic DNA (RAPD) patterns [4] . In the present work, we obtained the glnII and nodC gene sequences for these strains according to the methodologies of Vinuesa et al. [11] and Rivas et al. [12] . The gene sequences were aligned with those of the species of the genus Mesorhizobium using the Clustal W program [13] . The distances were calculated according to Kimura's two-parameter model [14] . The phylogenetic trees were inferred using the neighbour-joining and maximum-likelihood models [15, 16] . Bootstrap values were calculated for 1000 replications [17] . The MEGA5.0 package [18] was used for all analyses.
The 16S rRNA gene sequences of strains CSLC115N
T , CSLC19N and CSLC37N (1463 bp) were obtained previously [4] and, since they are identical, only that of strain CSLC115N
T was included in the phylogenetic analyses performed in this work. The results of these analyses showed that strain CSLC115N
T belonged to a group of species of the genus Mesorhizobium presenting similiarity values higher than 99.5 % in their 16S rRNA gene sequenes (Fig. S1, were the most closely related species with respect to strain CSLC115N T (Fig. 1) . The three first species presented 100 % similarity, and M. tianshanense A-1BS
T and M. caraganae CCBAU 11299
T presented 99.9 and 99.8 % similarity, respectively. These high similarity values in the 16S rRNA gene sequences are a common finding among species of the genus Mesorhizobium that are distinguishable by the analysis of recA and glnII genes, which are available for almost all species of this genus and allow the selection of strains for DNA-DNA hybridization experiments.
The analysis of the concatenated recA and glnII genes showed that strains CSLC115N
T , CSLC19N and CSLC37N [19] , suggesting that strains CSLC115N
T , CSLC19N and CSLC37N belong to a novel species of the genus Mesorhizobium.
This was confirmed by DNA-DNA hybridization experiments carried out following the method of Ezaki et al. [20] with the recommendations of Willems et al. [21] . Strains CSLC115N
T and CSLC19N showed 98 % (±1 %) DNA-DNA relatedness. Strain CSLC115N
T showed 44 % (±2 %), 41 % (±2 %) and 42 % (±4 %) DNA-DNA relatedness with respect to M. metallidurans LMG 24485 T , M. tianshanense USDA 3592
T and M. tarimense LMG 24338 T , respectively. These values are lower than the threshold value of 70 % DNA-DNA relatedness for definition of bacterial species [22] , supporting that the L. corniculatus nodulating strains isolated in Salamanca belong to a novel species of the genus Mesorhizobium.
DNA for analysis of base composition was prepared according to the method of Chun and Goodfellow [23] . The G+C content (mol%) of genomic DNA was determined using the thermal denaturation method [24] . The DNA G+C content of strain CSLC115N
T was 62.7 mol%, which is within the range reported for the genus Mesorhizobium (59-64 mol%) [1] .
The cellular fatty acids were analysed by using the Microbial Identification System (Microbial ID, MIDI) Sherlock 6.1
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Mesorhizobium tianshanense A-1BS T (AF041447) C, and cells were collected after 48 h of incubation. The major fatty acids of strains from this study, including the type strain CSLC115N
T , were those from summed feature 8 (C 18 : 1 !7c/C 18 : 1 !6c), C 16 : 0 and C 18 : 1 !7c 11-methyl as in the most closely related species (Table S1) . These results agree with those obtained in previous studies for several species of the genus Mesorhizobium, including the type species of this genus, M. loti [7] . The fatty acid profiles of strains isolated in this study showed some slight differences among themselves, supporting that they are not clones. The novel species differed from the most closely related species in the presence of slightly higher amounts of the fatty acids from summed feature 8 (Table S1 ).
The phenotypic characterization was performed as described recently [10] using API 20NE and API ID32GN galleries inoculated according to the manufacturer's instructions and adding sterile MgSO 4 . 7H 2 O to the medium supplied up to a concentration of 0.2 g l À1 with the aid of a disposable Pasteur pipette. The results were read after 7 days of incubation. The production of exoenzymes (on p-nitrophenyl substrates) was performed as described previously by Vel azquez et al. [26] . Temperature range for growth was determined by incubating cultures in yeast mannitol agar (YMA) medium [27] at 4, 15, 28, 37 and 45 C. pH range for growth was determined in the same medium with final pH 4, 5, 6, 7, 8, 9 and 10. PCA buffer (0.4 M Na 2 HPO 4 and 0.2 M citric acid) was used to adjust the pH from 4 to 6, phosphate buffer (0.2 M Na 2 HPO 4 and 0.2 M NaH 2 PO 4 ) was used for pH 7 and 0.2 M TE buffer was used for pH 8 and 9. Salt tolerance was tested in the same medium containing 0.5, 1, 1.5, 2 and 2.5 % (w/v) NaCl. To test the antibiotic resistance, the disc-diffusion method on YMA medium was used. The discs contained the following antibiotics: ampicillin (2 µg), erythromycin (2 µg), ciprofloxacin (5 µg), peni cillin (10 IU), polymyxin (300 IU), cloxacillin (1 µg), oxytetracycline (30 µg), gentamycin (10 µg), cefuroxime (30 µg), netilmicin (30 µg) and neomycin (5 µg) (Becton Dickinson, BBL). In addition to these tests, catalase and oxidase were detected as described previously [28] , and the acid production from mannitol was tested in liquid Bergersen's medium [29] . Strains M. metallidurans LMG 24485 T , M. tianshanense USDA 3592 T , M. tarimense LMG 24338 T and M. loti NZP 2213
T were used as references in this study. Phenotypic characteristics of the novel species are reported below in the species description, and the differences with respect to the most closely species of the genus Mesorhizobium are recorded in Table 1 . The results of the antibiotic resistance test showed that the strains were sensitive to neomycin, penicillin, cefuroxime, cyprofloxacin and tetracycline and re sistant to ampicillin, cloxacillin, polymyxin B and erythromycin. Resistance to gentamycin was variable, with postive results for the type strain and negative results for the other two strains. The strains of the novel species differed from the most closely related species in the production of some exoenzymes, growth at different pH and in the presence of 2 % NaCl, assimilation as sole carbon and energy sources of several compounds, and resistance to some antibiotics. These differences support the assignment of these strains to a novel species of the genus Mesorhizobium.
Despite the fact that symbiotic genes do not offer taxonomic information because they are located in easily interchangeable elements (plasmids or symbiotic islands), the analysis of the nodC gene allows the identification of strains at the symbiovar level [30] . Therefore, in this work we analysed the nodC gene of strains from the novel species M. helmanticense sp. nov., showing that they were related phylogenetically to the strains from symbiovar loti (Fig. S3) . The results from the phylogenetic analyses of core genes, DNA-DNA hybridization experiments, and phenotypic and chemotaxonomic characterization showed that the strains isolated from L. corniculatus nodules in Carbajosa de la Sagrada (Salamanca, Spain) represent a novel species, for which we propose the name Mesorhizobium helmanticense sp. nov.
DESCRIPTION OF MESORHIZOBIUM HELMANTICENSE SP. NOV.
Mesorhizobium helmanticense (hel.man.ti.cen¢se N.L. neut. adj. helmanticense pertaining to Helmantica, the name of Salamanca in Roman times).
Gram-stain-negative, aerobic rods that are 0. The type strain, CSLC115N
T (=LMG 29734 T =CECT 9168 T ), was isolated from root nodules of Lotus corniculatus in Spain. The DNA G+C content of the type strain is 62.7 mol%.
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